: Primary sequences for the tubulin sequence alignment analysis. 
Chlamydomonas axonemal tubulin purification
Axonemal tubulin was purified from a Chlamydomonas axonemal extract using a TOG12 column (1) . Tubulin from the crude extract was depleted from the flow-through indicating that most, though not all, of the tubulin bound to the column ( Fig. 1 a, lanes 2 and 3) . The eluate from the column (Fig. 1 a, lane 4) was concentrated using a centrifugal filter to yield highly enriched tubulin ( Fig. 1 a, lane 5) .
Chlamydomonas axonemal outer-arm dynein purification
Outer arm dynein complexes were purified (2, 3) from the oda2-t-lc2-bccp strain (4) . In this strain, the LC2 chain is fused to a biotin-accepting peptide that is biotinylated in vivo. After extraction from the demembranated flagella, the biotinylated outer arm dynein complex containing αHC and βHC (encoded by DHC13 and DHC14 respectively) was eluted off a MonoQ ion exchange column and collected in fractions corresponding to the largest peak, labeled αHC, βHC, in the chromatogram (Fig.  S4 a) . The other peaks corresponded to the inner arm dyneins (2) . The dynein heavy chain content of the primary peak was identified by comparing the 3-5% polyacrylamide gradient and 3-8 M urea gradient gel SDS-PAGE (Fig. S4 b The appearance of lower molecular weight bands in a 3-8% Tris-Acetate SDS-PAGE gel indicated that many of the outer arm-associated light chains were co-purified with the heavy chains in this preparation ( Fig. S4 c) (4) . LC2-BCCP, located in the IC/LC complex at the N-terminal tail region of outer arm dynein (5), binds biotin covalently in the cell, and it was co-purified with the outer arm complex. The presence of the biotin in the αHC, βHC fraction was confirmed by Western blot ( 
Calculations used for time-weighted average velocity analysis
In this study, pt(v) was calculated by binning the instantaneous velocities in N 200 nm/s bins, totaling the number of instantaneous velocity intervals in each bin, and normalizing by the total number of 0.4 s intervals over which velocity was measured (an example microtubule's velocity histogram is in Fig. 1 d in the main text). The mean velocity, μt, was calculated using where vj is the velocity and pt(vj) is the probability density of the j th bin. The standard deviation of the velocity, σt, was calculated using
Calculations used for displacement-weighted average velocity analysis
In this study, we calculated px(v) by binning the instantaneous velocities in N 200 nm/s bins, summing the microtubule displacement during each interval in each bin, and normalizing by the total microtubule displacement (px(v) for the example microtubule is in Fig. 1 e in the main text) . Note that where n is the number of 0.4 s velocity intervals and di is the microtubule displacement during the i th interval in the j th bin, and (Fig. S5 a and Table S1 ). The standard deviation, σx, was calculated using
Mass Spectrometry
Mass spectrometry was used to confirm the protein content of the purified proteins used in this study. The dynein fractions were loaded into a 3-8% tris-acetate SDS-PAGE gel (Fig. S5 a) , and the Chlamydomonas tubulin was load into a 4-12% bis-tris SDS-PAGE gel (Fig. S5 b) .
After Coomassie staining, regions of interest were excised from the gel and proteins in-gel digested overnight with trypsin (modified, sequencing grade from Promega (Mannheim, Germany)) (6). Peptides were then twice extracted with 50 μL of 5% formic acid and 50% acetonitrile, concentrated in a vacuum centrifuge, re-dissolved in 15 µL of 5% formic acid with sonication and analyzed by mass spectrometry. LC-MS/MS analysis was performed on the Ultimate nanoLC systems (Dionex, Amsterdam, The Netherlands) interfaced on-line to an LTQ Orbitrap mass spectrometer (Thermo Fisher Scientific, Bremen) via a robotic nanoflow ion source TriVersa (Advion BioSciences Ltd., Ithaca NY) (7). Database search was performed against the Chlamydomonas dynein sequences using MASCOT software v.2.2.0 (Matrix Science Ltd, London) under the following settings: 5 ppm and 0.5 Da mass accuracy for precursor and fragments respectively; enzyme specificity -trypsin, two missed cleavages allowed; variable modifications -Methionine oxidized, cysteine carbamidomethyl and propionamide.
The results, shown in Table S2 , indicate that the fraction used in this study primarily contained αHC and βHC of the outer arm complex. Minor contaminants in this fraction are inner arm heavy chains DHC8 and 1βHC. However, it is likely that these minor contaminants do not affect the results because they are not biotinlyated and do not adhere to the streptavidin-coated slide in gliding assays. 
Derivation of b in Eq. 11 from the main text
To understand the relationship given by Eq. 11, we solved Eq. 7 for L = L0 and recalled that vmax = v0 in our model of the gliding assay. Thus, we found that v(L0) = v0 /2. By putting this relationship into Eq. 10 and using the definition of n, we found that 0.5 = 1-(1-r) L0aρ . We solved for L0, and found that L0 = ln (0.5) / (aρ ln (1-r) ). For small r, ln (1- 
Relationship between displacement-weighted skewness and time-weighted analysis
We find that the displacement-weighted skewness (γx) is related to the time-weighted analysis by where κt 4 is the fourth central moment about the mean of pt (v) .
